:SUMMARY Pure human pepsins 1 and 3 are inactivated by incubation at pH 7-1-7-3 for 30 minutes, losing 90 % or more of activity. Pepsin 5 is alkali-stable, retaining 100 % of activity. Mixtures of pure pepsins 1 and/or 3 with pepsin 5 were found to have greater alkali-stable activity than predicted. Two published methods for determining the alkali-stable fraction of the peptic activity of gastric juice gave, respectively, in our hands values of 45'4-80-0 % and 27-5-43 9 % of the total activity. These values seemed too high to be attributable only to pepsin 5 in gastric juice, as agar gel electrophoresis shows pepsin 3 to have the principal activity. Electrophoretograms of alkaline incubated gastric juice revealed that large amounts of pepsin 3 retained activity as well as pepsin 5, and a proteolytic zone '4' appeared between them. Alkali inactivation thus does not allow the estimation of pepsin 5 individually in gastric juice. Pepstatin, at a final concentration of 100 to 170 pmol/ml, may be used to estimate pepsin 5 in gastric juice and gave values of 18-0 to 27-6 % of the total peptic activity. Pepsin 5, in gastric juice and in mixtures of pepsins, appears to protect pepsin 3 from alkaline-inactivation, and to a lesser extent from pepstatin inhibition.
Now that the multiplicity of the pepsins of man is established (see review by Taylor, 1962) , the need to estimate the pepsins individually in gastric juice is apparent (Taylor, 1970; Walker, 1976; Walker and Taylor, 1976) . Turner et al. (1967) observed that the 4pepsin 1' of Seijffers et al. (1964) was. stable at pH 70 and showed only a slow loss of activity between pH 7 0 and pH 7 5, whereas pepsins IIA, IIB, and III showed a rapid loss of proteolytic activity at pH 70. Turner et al. (1967) therefore developed a technique for estimating 'pepsin 1' in gastric juice, based on its alkali-stability at pH 724-7'26. Seijffers and Tkatch (1970) reported an alternative method based on the same principle, but using weak alkali and an incubating pH of 7-1.
Because the study of the pepsins has been confused by the use of different systems of nomenclature, Etherington and Taylor (1967) proposed that the pepsins be numbered in order of decreasing mobility to the anode on agar gel electrophoresis. They found subsequently (Etherington and Taylor, 1969) that the 'pepsin 1' of Seijffers et al. (1964) was mainly their pepsin 5, the slowest migrating pepsin, as was the 'gastricsin' of Richmond et al. (1958) . Roberts and Taylor (1973) and Roberts (1975) demonstrated the stability of an electrophoretically homogeneous preparation of pepsin 5 to alkali, and Received for publication 16 May 1979 the alkali-lability of preparations of the more electronegative pepsins, pepsin 1 and 3.
The primary aim of the present investigation was to determine whether the technique of alkaliinactivation is a reliable way of estimating pepsin 5 individually in a gastric juice. As the shortcomings of the method became apparent, preliminary experiments were undertaken to determine whether use of the acid proteinase inhibitor, pepstatin (Umezawa et al., 1970) might provide a better alternative. Aoyagi et al. (1971) had found that, whereas human 'pepsin' prepared from human gastric juice by the method of Richmond et al. (1958) is readily inhibited by pepstatin, 'gastricsin' is approximately 100 times more resistant to inhibition that is pepsin. Roberts (1975) found that pepstatin readily inhibited preparations of the electronegative pepsins, pepsins 1 and 3, and to a similar extent, whereas pepsin 5 was approximately 40 times less sensitive to inhibition. (Etherington and Taylor, 1969; Roberts and Taylor, 1978) .
Methods

PEPSTATIN
Pepstatin (iso-valeryl-L-valyl-L-valyl-4 amino-3 hydroxy-6-methylheptanoyl-L-alanyl-4 amino-3 hydroxy-6 methyl heptanoic acid) was kindly donated as the sodium salt by Dr K. Goto and Dr H. Umezawa of the Banyu Pharmaceutical Co., Tokyo, Japan.
ESTIMATION OF PROTEOLYTIC ACTIVITY
The method was that of Anson and Mirsky (1932) , as modified by Hanley et al. (1966) and further by Etherington and Taylor (1969 This procedure differed slightly from that originally described, in that: (a) preliminary dialysis of the gastric juice samples was omitted, as this was not a procedure used in measuring the total peptic activity of the samples, with which the results were ultimately to be related; (b) the temperature of alkaline incubation was room temperature (210 to 23°C) and not 25°C as described by Turner et al.) . Seijffers and Tkatch (1970) Gastric juice was diluted 1 in 5 with 0-1 M acetate buffer, pH 5 3, and this mixture was further diluted (1 in 10) with 0-02 M phosphate/0 01 M citric acid buffer, pH 7-8, to give a final pH of 7-10 to 7 30. The tubes were covered and left at room temperature (21°-23°C). At exactly 90, 105, and 120 minutes after addition of alkali, 0-1 ml was removed and assayed for peptic activity in duplicate. The mean residualthat is, alkali-stable-activity was calculated. The 'control' activity of each gastric juice-that is, not inactivated-was estimated by diluting each gastric juice first 1 in 5 in 0-1 M acetate buffer pH 5 3, and further diluting this mixture (1 in 10) in 0-02 M phosphate/001 M citric acid buffer pH 7-0, with rapid mixing, giving a final dilution of 1 in 50, and a pH of 6 5 to 6'6. Immediately after mixing, 0-1 ml was assayed in duplicate for peptic activity.
ALKALI INACTIVATION FOLLOWED BY AGAR GEL ELECTROPHORESIS
Gastric juice and pepsins were incubated for 30 minutes at room temperature at pH 7-10-7-20 using the method of Turner et al., described above, but with higher concentrations of enzyme solution. Zymograms of the alkaline-preincubated pepsin solutions and of the 'native' pepsin solutions, diluted to the same strength in 0-001M hydrochloric acid, were obtained by agar gel electrophoresis at pH 5 0, using the technique of Etherington and Taylor (1969) with the following small changes: 15 g/l lonagar no. 2 was used to prepare the gels; electrophoresis was for two hours 10 minutes, and a human globin substrate concentration of 3-3 g/l in pH 2-0 buffer was used to demonstrate zones of proteolytic activity.
INHIBITION OF HUMAN PEPSINS AND PEPTIC ACTIVITY OF GASTRIC JUICE BY PEPSTATIN
50 ,ul of each of a series of solutions of pepstatin containing 0-001-25 fig pepstatin/ml (0-0014-35-26 nmol/l) in 0 05 M acetate buffer pH 4 0 was added respectively to tubes containing 1-9 ml bovine haemoglobin substrate pH 2-0; 50 ,u of buffer without pepstatin was added to a further, control tube. After mixing, the tubes were incubated at 37°C for five to 10 minutes in a water bath, 0-1 ml diluted pepsin solution or gastric juice was added, and proteolytic activity was determined by the modified Anson and Mirsky procedure.
Results
SENSITIVITY OF INDIVIDUAL PEPSINS TO ALKALI
Using the method of Turner et al., pepsins 1 and 3 were both readily inactivated by preincubation at pH 710-7-30, losing 90 % or more of activity.
Pepsin 5 was alkali-stable, retaining 100 % of activity (Fig. 1) . These results confirm the findings of Roberts and Taylor (1973) . A mixture of pepsins 3 and 5, on the other hand, retained 63% of the initial activity, despite the preponderance of pepsin 3 in the mixture (see accompanying electrophoretogram).
SENSITIVITY OF MIXTURES OF PEPSINS 1, 3, AND 5 TO ALKALI
Solutions of the individual pepsins and mixtures of these solutions were (1) preincubated at pH 7-20 for 30 minutes at room temperature (23°C), using the method of Turner et al., and residual peptic activity was estimated, and (2) preincubated for 30 minutes at pH 5 3 before assay (controls). Knowing the proportions by volume of the solutions of pepsins 1, 3, and 5, respectively, comprising each mixture and the alkali-stable activity of the component pepsin 979 solutions, a 'predicted value' for the alkali-stable activity of each pepsin mixture was calculated. In Table 1 Electrophoretograms of gastric juice samples incubated at pH 7410-7-18 for 30 minutes at 22°C (Fig. 2) revealed that large amounts of pepsin 3 retained activity as well as pepsin 5, and that a proteolytic zone '4' appeared between them. Under these conditions this may simply be due to partially denatured pepsin 3. Alternatively, it could represent a pepsin/inhibitor complex which migrates in a similar position on electrophoresis (Etherington and Taylor, 1969) .
INHIBITION OF INDIVIDUAL PEPSINS BY PEPSTATIN
The sensitivities of preparations of pepsins 1 and 3 and the resistance of pepsin 5 to pepstatin are shown in Table 1 , thus confirming the observations of Roberts (1975 and 5 (nomenclature of Etherington and Taylor, 1967) when examined by agar gel electrophoresis, and it is moreover unlikely that the most electronegative of the pepsins (pepsins 1 and 2) were eluted from the column (Etherington and Taylor, 1969) .
From the experiments with pepstatin, it was concluded that the use of this inhibitor may provide a better means of measuring pepsin 5 selectively in gastric juice. No preliminary dialysis of the gastric juice samples is necessary and the total peptic activity and pepstatin-resistant activity may be estimated by the same procedure. Clearly the concentration of inhibitor used is of critical im- Agar gel electrophoresis Walker (1976) 4-0-17-0 (approx.) Resistance to pepstatin Walker (1976) 18*0-27-6 *Acetyl phenylalanyl L-di-iodotyrosine. (after Roberts, 1975) .
portance, if pepsins 1 and 3 are to be inhibited maximally and pepsin 5 is to retain full activity. A final pepstatin concentration of 176.3 pmol/ml almost met the requirements; from the data of Fig. 3 it would seem that final concentrations from about 100 pmol/ml upwards would give a similar result; pepsin 1 is almost completely inhibited at these levels, pepsin 3 retains about 15 % of its activity, and pepsin 5 loses about 15 % so that the latter two effects tend to balance out each other.
The protective action of pepsin 5 on pepsin 3 during exposure to alkaline conditions is a barrier to our analytical techniques, but is, nevertheless, a remarkable biochemical phenomenon which is at present unexplained. Physiologically, the pepsins of gastric juice meet an alkaline environment as soon as they enter the duodenum. It is widely believed that their proteolytic action then ceases because they are progressively destroyed and because they are in any case inactive above pH 4.0. Our observations (for 30 minutes at 21°-23°C) suggest that destruction may not be as complete as might be imagined but it is still difficult to conceive of any further physiological, or pathological, role for the pepsins, as the hydrogen ion concentration in the intestine is unfavourable.
